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INTRODUCTION AND DATA ANALYSIS
In Bonamente et al. (2016) we reported the detection of O VIII absorption line from the z = 0.1765 quasar
PG 1116+215, associated with a z = 0.0928 O VI system (Tilton et al. 2012), and interpreted as warm–hot in-
tergalactic medium (WHIM) along the sightline. The report was based on a 90 ks Chandra HRC/LETG observation
taken in 2002. In 2018 we observed the source in the same Chandra configuration for an additional 280 ks.
The new and old data were reduced with the standard Chandra CIAO 4.9 tools (Fruscione et al. 2006) to generate
a single spectrum that combines the ±1 order data. The spectra were then analyzed in XSPEC (Arnaud 1996) in the
19.5–22.5 A˚ range, chosen to have a sufficient baseline to determine the continuum, and narrow enough for an accurate
modelling of the background with a simple power–law model (Figure 1). The two spectra were fit simultaneously,
each with a power–law plus a zgauss model with fixed redshift z = 0.0928, corresponding to the Tilton et al. (2012)
O VI detection. In the first fit, the zgauss normalizations are left free between the two models; at the wavelength of
the expected O VIII Kα line (λ ' 20.65 A˚), the 2002 data show a significant absorption feature (XSPEC normalization
K = −17.0 ± 5.6 × 10−6) while the 2018 data show no significant absorption (K = 0.4 ± 5.0 × 10−6), for a Cash fit
statistic C = 507.1 for 473 degrees of freedom. In the second fit, the zgauss models were linked to ensure the same
equivalent width for the two O VIII lines; the normalization becomes K = −12.0± 5.3× 10−6 for the 2002 data (and
−6.0× 10−6 for the 2018 data, lower than the 2002 data because of its lower flux) for C = 509.6 with 474 d.o.f. 1
In the new data the source intensity was fainter by approximately a factor of two (Fλ = 1.9×10−3 photons s−1 cm−2 A˚
in 2018, Fλ = 3.9 × 10−3 in 2002), while the HRC/LETG first–order efficiency was also lower by ∼ 20 % compared
to the 2002 data, leading to an observed source flux ∼3 times lower in 2018. Moreover, the background was also
∼ 3 times higher in the new 2018 data compared to the 2002 data, due to a known anti–correlation with Solar cycle
activity. In the 19.5–22.5 A˚ band, the source accounts for 27.2% of the total counts for the 2018 data, and 69.8% for
the 2002 data.
SIMULATIONS TO ASSESS STATISTICAL CONSISTENCY BETWEEN 2002 AND 2018 DATA
To investigate whether the two datasets are consistent, we simulated 3,000 total and background spectra for the
2018 data, using the O VIII equivalent width predicted from the 2002 data and its error. The redshift of the O VIII
line was fixed at the nominal value. We used an analytical model of the background in the 19.5–22.5 A˚ range; this
model was used to simulate the background and the total spectrum using the fakeit command in XSPEC, for each
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1 In the original analysis of the 2002 data, we reported K = −21.1 ± 5.8 × 10−6, differences may be due to changes in calibrations and
in the choice of fitting bands. We also reported a free-redshift analysis of this line, in which the best–fit redshift was z = 0.0911± 0.0004.
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Figure 1. (Left) Chandra HRC/LETG spectra from 2002 (”Old data”) and 2018 (”New data”). The ”Prediction” in the ”New
Data” panel is from the best–fit model of the ”Old Data” O VIII line. In 2018, the flux was lower by a factor of ∼3 and the
background higher by a factor of ∼3. ”Joint fit” is model from the simultaneous fit to old and new data, with linked zgauss
models. (Right) Distribution function of EW of the O VIII in the 2018 data. The ”Expectation” includes uncertainties in the
2002 model of the line, with input value Wλ = 44.5± 14.1 mA˚. The 2018 measurement is Wλ = −2.1± 26.0 mA˚.
iteration of the simulation. The equivalent width Wλ was calculated according to WλIλ = K, negative values indicate
excess emission (Figure 1, right panel).
DISCUSSION AND CONCLUSIONS
The simulations indicate that the O VIII line was expected to have an equivalent width of Wλ = 44.7 ± 38.2 mA˚,
based on the estimates from the 2002 observations. The measurement was Wλ = −2.1 ± 26.0 mA˚, i.e, the 2018 data
did not provide a positive detection of the line.
We performed two quantitative tests of the consistency between the O VIII line in the 2002 and 2018 data. First,
the 2018 measurement of the EW corresponds to the 6.6 one–sided percentile of the expected distribution based on
the 2002 data, for a 6.6% probability to obtain such a small EW, or smaller. Second, the difference between the
2018 measurement and the expectation is −46.8 ± 46.3 mA˚, i.e., the measurement falls just outside the 1–σ interval.
Assuming Gaussian distributions, there is a ∼32% probability for such value of the difference, or larger. Neither
test can significantly exclude the hypothesis that the 2018 data are consistent with the 2002 data. We only used
statistical (Poisson) errors in the simulation of the spectra. The use of an additional systematic errors would bring
the measurement and expectation into an even better agreement.
We conclude that the 2018 observations of PG 1116+215 are consistent with the 2002 observations, at the wave-
lengths of the z = 0.0928 O VIII Kα line. The low flux of the source and higher background did not permit the
confirmation of the WHIM line made in Bonamente et al. (2016) with greater confidence than in the original data.
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